Abstract -Several commonly used mechanical connectors in the field of medical equipment was enumerated and analyzed in this paper. A mechanical quick connector for medical equipment was designed. The mechanical structure was designed for quick connection needed in the field of mechanical equipment. It could save valuable emergency time and make it easier for changing or cleaning medical equipment. Several calculations were done to make sure the mechanical structure would work. The actual mechanism was processed, and it could connect/disconnect quickly and stably, which proved the feasibility of the design. The force that needed from an operator to disconnect the holding device was 1.2N, which was in the comfortable range of the force that human could provide by a single hand. The whole design conformed to the requirement of miniaturization and facilitation for medical equipment.
I. INTRODUCTION
In recent years, with the gradual improvement of the national health level, hospitals' demands for advanced medical equipment have a sharp increase, which makes the medical equipment industry get ground at an alarming rate.
At present, mechanical quick connector technology has been used in lots of fields, such as manufacturing industry, military, civil services equipment, medical equipment etc. Particularly, quick connector used in mechanical equipment plays a very important, sometimes a vital role, especially for those used in surgical instruments and first aid apparatus, which need to connect/disconnect stably in a few minutes. The speed and quality of this kind of connection determine the efficiency and effect of a surgery or a rescue, so a good design of a mechanical quick connection would help the medical equipment to save more lives.
Many kinds of mechanical quick connectors have been designed; some of them have been used in many kinds of situations. According to different situation, some designs use traditional screw joint [1] for those connections don't have requirement for a very high speed; while some designs take example by pneumatic connectors [2] to reduce the operating time of the connection/disconnection; some other designs use jaws with springs to execute the action of connect/disconnect on the basic of Leverage Theory; others put inclined guiding track in the female part which goes to a bump on the male part, and a rotary motion offers pressing force to clump the male part.
The designs above are the perfect references for other designers, even more importantly, they can inspire the mechanical engineers to come up with new great ideas, improve the design's quality and effect, and shorten the developing period.
The new kind of design this paper demonstrated is based on a push-push type electronic quick connector [3] , which can perform a connect/disconnect task with only one push by the operator.
II. ENUMERATION AND ANALYSIS OF SEVERAL TYPICAL MECHANICAL QUICK CONNECTORS FOR MEDICAL EQUIPMENT

A. Connection Using Screw Joint
1-inlet end;2-inner path;3-screw;4-main body;5-adapter;6-hat;7-recessed portion;8-inner wall;9-threaded bore;10-threaded screw;11-fluid path Fig. 1 Medical air tubing connection system.
The example comes from a patent published in the year 2011 in the name of " Medical Air Tubing Connection System" [4] .The invention is directed to a coupling assembly for use in connecting a supply conduit to a supply source， 978-1-4673-2237-9/12/$31.00 ©2012 IEEE Proceeding of the IEEE International Conference on Information and Automation Shenyang, China, June 2012
particularly directed to an anti-mismatch coupling assembly and medical air tube connection system for coupling an air supply tube to an air supply manifold to prevent incorrect connection of the supply tube to the required supply source. As shown in Fig.1 , inlet end 1 of adapter 5 defines a recessed portion 7 and threaded inner walls 8. Recessed portion 7 has a dimension to be coupled to outlet by the corresponding threads 3 and 8. Inlet end 8 of adapter 5 includes a threaded bore 9 for receiving a threaded screw 10. Threaded bore 9 extends radially through the side of adapter 5 into recessed. This connection's core concept is that the fluid path 11 goes to the hat 6 directly, while the screw 3 is on the surface of main body 4, which can make sure that no fluid or gas leak. This kind of mechanism can be used in a situation that a connection of a gas or fluid supply tube and a gas or fluid manifold, such as an oxygen setup. It can prevent incorrect connection of the supply tube to the required supply source.
B. Connection Based on Mechanism of Pneumatic Connector
An example of this kind of connection is a quick connect wall outlet for medical gas service outlet [5] .It's a connector valve for connection to a medical gas adaptor. Medical gas service outlets are common in hospital rooms, and this kind of quick connector is well used in this situation. On the basis of mechanical structure of pneumatic connector, this has been developed. Fig.2 is a sectional view of the medical gas service wall outlet. The wall outlet comprising an index plate, a closure member connected to the index plate, and a connector valve for connection to a medical gas adaptor. The valve is connected to a backside of the index plate and is accessible from the front of the outlet when the closure member is removed.
1-valve housing; 2-Oring; 3-distal end; 4-plunger spring Fig. 2 Quick connect wall outlet for medical gas service outlet
The valve includes an open-ended valve housing 1 that has a first O-ring 2 placed around a distal end 3 of the assembly. A plunger spring 4 is placed within the assembly. When the doctor push the male side, the spring will be press and the O-ring will be the lock part for this connection.
The key point of this kind of design is to make sure that the O-ring has the right size for locking. Other structures are just the same as pneumatic connector.
C. Connection based on the Leverage Theory
The typical example of this kind of connector, "Medical robotic arm that is attached to an operating table" [6] , is a part of the famous minimally invasive surgery system device, da Vinci Si HD Surgical System [7] . The structure is demonstrated as the following Fig.3 .
As is shown in the Fig.3 , the quick connector 2 has a slot 3 that receives a pin 4 of the front loading tool driver 1. The pin 4 can be released by depressing a spring biased lever 5. When the surgeon put a handle in the position 2, and the connector 3 will be pushed into 1, and groove goes to the pin 4, and then based on the Leverage Theory, the spring on 5 will be pressed, the pin will move into the groove on 3, so the handle is connected to the female machine. The handle will be released by a simple press on 5.
1-front loading tool driver; 2-contector; 3-slot; 4-pin; 5-spring biased lever Fig. 3 Medical robotic arm that is attached to an operating table
While designing this kind of structure, the press forth and the length of the level would be highly considered to make sure the reliability of the connection.
D. Connection with Guiding Tracks Having a Locking Edge
An invention represents this kind of quick connection is about a medical device connector [8] . It relates to a connection site for a medical device having a neck element with at least one guiding track. The guiding track has a lock edge for cooperative engagement with a lock protrusion of a second medical device. Fig.4 shows a medical device 1 in the form of a medical device connector 1 for connecting two medical devices. The connection site 4 comprises a neck element 5 having three guiding tracks 6 for receiving lock protrusions 3 piercing device 2. As is shown in Fig.5 , the guiding track 6 exhibits Lform, comprising a first vertical section, the guiding track 6 comprises the locking edge, or barrier section, which the lock protrusions 3 of the piercing device 2 are intended to cooperate with during assembly. During the insertion, the lock protrusions 3 of the piercing device 2 slide in the vertical section of the guiding track 6.
1-medical device connector; 2-priercing device; 3-lock protrusion; 4-connection side; 5-neck element; 6-guiding drack Fig. 4 Connection with guiding tracks having a locking edge The structure represented above can make a turning motion to connect or disconnect the male and female sides. While designing this kind of mechanical quick connection for medical devices, the angle C (in Fig.5 ) is the key point to make sure the structure works.
III. A MECHANICAL QUICK CONNECTOR DESIGN REFERS TO A PUSH-PUSH TYPE LATCH MECHANISM
A. Stricture Scheme A new kind of quick connector was designed based on the structure of a push-push type latch mechanism and electronic device thereof [9] . This machine was designed for a connection of a function bed and a devise which hold a tubular shape medical device, a catheter [10] for example. Fig.6 shows a full view of the connector. It includes a holding device which is the male part of the connection, and the locking part links with the function bed, which is the female part of the connection.
Details of the structure are shown in Fig.7 . The process of this connection will be descript as following: firstly, push the holding device down to the base plate, then the side wall of the holding device will press the locking pin, top of the locking pin moves on the surface of the holding device. And the locking pin presses the locking spring, this situation goes on until the locking pin goes into the groove in the holding device (doesn't shown in the picture), and now the locking spring is still pressed, it presses the locking pin, and the locking pin is pushed to the wall of the function bed, this makes friction force to lock the holding device and the function bed, connection accomplished. In Fig.7 we can see the separation button is in the shape of wedge, the wedge top goes to a groove in the locking pin as the size of the wedge. If the operator presses the separation button, the locking springs will be pressed, the separation button will be pushed into the groove of the locking pin, the surface of the wedge will push the groove interface, and then the locking pin will be moved out of the groove in the holding device, so there will be no pressure on the other surface of the holding device, then the friction force disappears. Then the release spring will be released and push the base plate up, and the base plate push the holding device up, disconnection accomplished.
In this way, it just needs one push to connect/disconnect the devices, thus it save lots of precious time for a doctor to save lives.
B. Mechanical Calculation
After the structure of the connector was designed, some mechanical calculation should be done to make sure the connector works.
The weight of the holding device (while holding a catheter) was measured as 76g, locking and releasing springs are all cylindrical helical springs, the locking springs' small diameter is 0.26 mm, coefficient of elasticity is 0.5 N/mm. The releasing springs' small diameter is 0.23 mm. The coefficient of elasticity is 0.3 N/mm. The function bed is made of aluminium, and its skin-friction coefficient is 0.9.
Conceder the holding device as the mechanical object then does the mechanical analysis. The number of forces pressed on the holding device is five, two in the horizontal direction, three in the vertical direction, only the tow in vertical direction would influence in the quality of the connection, which should be considered. Once the holding device is connected to the male part, there are three forces functioning on vertical direction at the same time. One of them is the force of gravity, the direction of the force is vertical downward; another one is the force of friction comes from the function bed; the last one is the push force comes from the four releasing springs on the base plate. Calculations are done as follows:
2 2
In the calculation formula, F refers to the locking force; f refers to the friction force; G refers to the gravity; 1 k is the locking springs' coefficient of elasticity; 1 Δx stands for the strain of locking spring; 2 k is the releasing springs' coefficient of elasticity; 2 Δx stands for strain of each releasing spring; n F is the force from one of the four releasing springs; N F is the joint forces from the four releasing springs.
The result shows that once the holding device is pushed in the locking position, + ≥ N G f F means the locking force is large enough to keep the connection. If the operator presses the separate button, ≥ N F G so the holding device will be disconnected effectively. The actual device was machined according to the structure designed above. All parts of the device were made from 7075 aluminum; as the size of the device was small, in order to make sure the structure moved smoothly, grade of tolerance was chosen as in 7th grade. And the real device worked well; it could connect/disconnect quickly and efficiently as designed. This proved the feasibility of this design.
C. Implementation of the designed structure
This device has been used in laboratory for the situation that needs a quick connector to hold a tube-shaped device, such as a catheter or a gastroscopy.
IV. DISCUSSIONS AND FURTHER WORKS
Some discussions of the new design were done during the exercise. The shape of the locking pin was cylindrical, and the locking top matched with a groove in the holding device, which was also in the cylindrical shape, thus the contact surface was just a short line in the vertical direction and a small circular area, and this area was responsible for pressing the holding device, this made lots of attrition, the attrition would shorten the service life of the locking pin. If the situation went on, the quality of the connection will be seriously impacted.
Every parts of the connecter were made from the same material, as time went by, the friction force on the contact surface of the two connected parts would be increased, and it might lead to make the connector unworkable. Besides, the weight of the whole structure needed to be reduced by changing shape of the holding device and the locking structure.
Further improvement of the design would be to perfect the parts mentioned above.
Ⅴ. CONCLUTION
In this paper the typical kinds of mechanical quick connector used in medical devices were enumerated and analyzed. From those examples we can conclude some clues for designing a mechanical quick connector for medical equipment. One clue is that using traditional screw joint connection, if the connection doesn't need to connect very quickly; another clue is that taking examples from the ideas of other mechanical connectors used in other fields, such as pneumatic joints and electronic connectors etc. This kind of designs usually used in the situation that have a strict demand for the short connect-time. Then a new kind of connector was designed. The machining was done according to the design. The result showed that the design was successful.
